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R1069DispatchesCentrosome Biogenesis: Centrosomin Sizes
Things Up!Centrosomes are composed of a centriole pair surrounded by a proteinaceous
matrix of pericentriolar material that contains protein complexes required for
microtubule nucleation and anchoring. Recent work reveals an intriguing link
between centrioles and pericentriolar material that is involved in modulating
centrosome size.Mariana Gomez-Ferreria1
and Laurence Pelletier1,2,*
Centrosomes are the main
microtubule-organizing centers in
animal cells. They are composed of two
barrel-shaped, 9-fold symmetrical
centrioles that recruit over a hundred
proteins collectively referred to as
pericentriolar material (PCM).
Centrosomes undergo a dramatic
change in dimension during the cell
cycle, increasing about five-fold in size
between interphase and mitosis via
a process called centrosome
maturation. This increase in the
quantity of PCM correlates with the
increase in microtubule nucleation
necessary for the assembly of robust
mitotic spindles and is a prerequisite
for accurate chromosome segregation.
Centrosome growth, however, must be
tightly controlled because abnormally
large centrosomes have been linked to
chromosome instability and cancer
formation/progression. A study
published in this issue of Current
Biology by Conduit et al. [1] now
reports new findings regarding the
regulation of centrosome size in
Drosophila.
Initial insights into the regulation of
centrosome size were provided by
gene dosage experiments in
Caenorhabditis elegans where it was
demonstrated that the partial depletion
of the core centriole protein SAS-4 led
to the incomplete assembly of
daughter centrioles during replication;
daughter centrioles recruit less PCM
and consequently nucleate fewer
microtubules than mother centrioles
[2]. This observation was later
extended to additional centriole
proteins, raising the tantalizing
possibility that centriole size and/or
assembly status contributes to the
positive regulation of centrosome size[3]. The link between centrosome
hypertrophy and genome instability
mentioned above raises an interesting
question: what are the cellular
mechanisms that negatively regulate or
limit centrosome size?Work from Song
et al. [4] in C. elegans identified SZY-20
as a suppressor of ZYG-1, a kinase that
acts upstream in the centriole
assembly pathway [3,5]. Embryos
lacking SZY-20 undergo mitotic failure
associated with higher centrosomal
levels of ZYG-1 and g-tubulin and show
an increase in microtubule nucleation.
In C. elegans, LET-711 also appears to
limit centrosome size by regulating the
centrosomal levels of ZYG-9,
a microtubule-stabilizing factor
(ortholog of ch-TOG in humans) [6].
Large mitotic centrosomes are also
observed after the depletion of the
human Augmin complex [7]. The
molecular mechanisms by which
SZY-20, LET-711 and Augmin regulate
centrosome size are likely to be very
different given the distinct functions of
these proteins: SZY-20 is an
RNA-binding protein; LET-711 is
a transcriptional regulator; and Augmin
is a microtubule-associated protein
complex. This functional diversity of
centrosomal regulators implies that
cells have developed intricate control
mechanisms that impinge on
centrosome size.
The new study by Conduit et al. [1]
is centered on the Drosophila PCM
protein Centrosomin (Cnn),
a component required for anchoring
PCM to centrioles [8,9]. The authors
used elegant genetic approaches to
modulate the levels of Cnn in embryos
and measured the effects on PCM size.
They found that centrosomes are
smaller in cnn mutant embryos
expressing one copy of cnn than in
embryos expressing two copies. The
authors went on to show that Cnnlevels directly correlated with g-tubulin
recruitment and suggest that Cnn
may directly regulate centrosome size
and, consequently, microtubule
nucleation. Cnn incorporation at
centrosomes began in S phase and
increased until the onset of mitosis
(Figure 1). Importantly, the recruitment
of Cnn to the vicinity of centriole
depended on the centrosomal proteins
D-Spd2 and Asterless (Asl). Cnn
associated with D-Spd2 and Asl, and
inhibition of either of these proteins
dramatically reduced Cnn
incorporation into centrosomes.
Critically, these proteins are conserved
in humans, suggesting that this mode
of recruitment might be evolutionarily
conserved [10–12].
By performing detailed fluorescence
recovery after photobleaching (FRAP)
measurements, Conduit et al. [1] define
two spatially and dynamically distinct
populations of Cnn (Figure 1); Cnn is
initially incorporated into the
centrosome in the vicinity of the
centriole (where it is highly mobile)
before dispersing into the surrounding
PCM (where it is less mobile). This
striking behavior appears to be specific
to Cnn, because the other PCM
proteins that were analyzed were found
to localize homogenously over the
entire PCM. It will be interesting to
determinewhether proteins like Asl and
D-Spd2, which have yet to be
examined, behave similarly to Cnn,
given that they are both required for
Cnn incorporation into centrosomes.
Taken together, these data suggest
that centrioles may have the potential
to regulate the affinity of Cnn for the
proteins that anchor it into the PCM
(i.e. D-Spd2 and Asl). One possibility
could be that Cnn has low affinity for
the PCM before it is ‘activated’, for
example, through post-translational
modifications in the vicinity of
centrioles. This activation would then
allow its stable incorporation in the
PCM, where Cnn could mediate the
recruitment of g-tubulin and other
protein complexes.
Conduit et al. [1] also observed that
daughter centrioles began to recruit
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Figure 1. Spatiotemporal dynamics of Cnn at centrosomes in Drosophila syncitial embryos.
In this system, cell-cycle progression is accelerated and only S and M phase can be discrim-
inated. (A,B) Cnn (red dots) is incorporated in the centrosome in the vicinity of the centriole
(red area) before diffusing into the surrounding PCM (pink), where it regulates the recruitment
of g-tubulin and potentially other protein complexes (blue dots). During S phase, the levels of
Cnn continuously increase, which correlates with higher g-tubulin levels, and both reach
a maximum in M phase. (C) In late mitosis, when the daughter centriole disengages, it begins
recruiting its own domain of Cnn and g-tubulin. (D) By telophase, the mother centriole has
been recruiting Cnn for a longer period, reflected by the larger associated PCM domain
compared with daughter centrioles. This generates a transient asymmetry in centrosome
size (boxed highlighting). (E) During S phase of the next cell cycle, both centrosomes re-estab-
lish equivalent levels of Cnn and g-tubulin. They both incorporate Cnn but the mother centro-
some releases PCM ‘flares’. (F) In metaphase, both centrosomes have similar maximum levels
of Cnn and g-tubulin. Daughter centrioles are shown in yellow, mother centrioles in green and
grandmother centrioles in dark green.
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anaphase. The mother centriole
accumulates Cnn for a longer time than
the daughter centriole, resulting in an
intrinsic asymmetry in the PCM size of
mother and daughter centrosomes
after exit from mitosis. The size of both
centrosomes equalizes during the next
S phase because, even though both
centrosomes incorporate Cnn, PCM
‘flares’ are only released from the
mother centriole. Although the
biological function of this asymmetry
remains unclear in the syncytial
Drosophila embryo, these results
nonetheless indicate that both mother
and daughter centrioles can organize
PCM domains that are distinct in terms
of size and, potentially, composition.
Furthermore, these observations
highlight the intimate relationship
between Cnn, PCM and centrioles and
are consistent with previous data
showing that Drosophila Cnn mutants,or avian cells in which the ortholog
CDK5RAP2 is mutated, are defective
in centriole attachment to spindle
poles [8,13].
A recent study revealed that Asl acts
as a scaffold for daughter centriole
assembly in Drosophila [14]. Combined
with the finding that Cnn physically
interacts with Asl, as shown by
Conduit et al. [1], it is tempting to
consider that Asl could coordinate
the regulation of both centriole
duplication and centrosome
assembly. This would be consistent
with the finding reported by
Dzhindzhev et al. [14] that distinct
domains of Asl are implicated in
centriole duplication and PCM
recruitment. We could further
speculate that the domain of Asl that
is responsible for the formation of
microtubule-organizing complexes
directly binds to Cnn and also acts as
a scaffold for PCM assembly.Studies in Drosophila germline stem
cells and neuroblasts, and in mouse
neural progenitor cells have shown that
centrosome asymmetry clearly plays an
important role in spindle positioning
prior toasymmetric cell division [15–17].
In these systems, the two duplicated
centrosomes asymmetrically regulate
their size and microtubule-nucleation
activity, and hence have the ability to
differentially interact with the cell
cortex, thereby defining spindle
orientation. Interestingly, in an
accompanying report in this issue of
CurrentBiology,Conduitetal. [18] show
that the asymmetric distribution of PCM
byCnn is linked to thedistinctbehaviors
of themother anddaughter centrioles in
Drosophila larval neuroblasts. The
daughter centriole accumulates Cnn
and builds an array of microtubules
that promotes attachment to the
apical cortex. Conversely, the
mother-centriole-bearing centrosome
downregulates Cnn incorporation
leading to a progressive loss of Cnn and
g-tubulin. This ‘microtubule-free’
mother centrosome moves to the basal
side of the neuroblasts and is
incorporated into the differentiating
ganglion mother cell after asymmetric
division,while thedaughtercentrosome
remains in the neuroblast stem cell.
Together, these observations highlight
the potential importance of differential
regulation of Cnn incorporation at
centrosomes to orchestrate correct
asymmetric division. The role played by
Cnn in this process could explain why
mutations in its homologous proteins in
humans, CDK5RAP2/Cep215 and
myomegalin, are associated with the
neurological defects that cause
microcephaly [19,20].
In summary, Conduit et al. [1] have
shown that centrioles have the capacity
to regulate the incorporation of Cnn into
PCM, which in turn defines centrosome
size and microtubule-nucleation
capacity. Further studies aimed at
understanding how the ‘entry’ and ‘exit’
of Cnn is modulated by the centrioles,
and how this can affect the function of
individual centrosomes, are bound to
yield fascinating results. These insights
will allow us to begin unraveling the
mysterious process by which
centrosomeassembly andcomposition
is spatially and temporally regulated
during the cell cycle and during the
process of spindle positioning.
Considering the potentially dramatic
consequences of misregulating
centrosome size on genome integrity
Dispatch
R1071and asymmetric cell division, keeping
centrosome size under tight control is
clearly not a bad idea!
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to Recognize EmotionsOur understanding of how we simulate other people’s actions and feelings to
recognize their emotional states is extended by a new study which finds that
premotor and somatosensory cortices are required to process the emotional
meaning of sounds.Ralph Adolphs
Do we know what we think or
intend by observing what we say
or do? The novelist E.M. Forster
and painter Robert Motherwell
thought so, and William James
popularized it for the case of emotions
as well, which he thought of as bodily
expressions that we come to know
about by feeling them. Cognitive
neuroscience has provided
considerable support for this view
and shown that we can use the same
mechanism also to know the
emotions of others: recognizing
emotions from looking at somebody’s
facial expressions has been shown
to require the somatosensory
cortices [1,2].A new piece of the puzzle has now
been provided by Banissy et al. [3],
whose work shows that
somatosensory and premotor cortices
are required also to recognize emotion
from nonverbal auditory stimuli.
The finding is important for several
reasons. First, it demonstrates the
ubiquity of a ‘simulation’ mechanism
in understanding other people’s
emotions, whether it be from body
postures, facial expressions, or voice.
Second, in showing anatomical overlap
with regions also known to participate
in recognizing emotions from facial
expressions, it suggests that there
may be a modality-independent
representation of emotion in
somatomotor cortices: they form
the substrate of our very concept ofemotions. Third and relatedly, it
seems unlikely that somatomotor
cortices are merely representing the
way somebody’s vocal tract and
mouth feel when they are producing
emotional sounds. Instead,
activity in these regions may
comprehensively represent the state
of the body of somebody experiencing
the emotion associated with the
sound. While prior studies [4,5]
have broadly suggested that right
frontoparietal cortices are required
for auditory emotion recognition,
they used different types of stimuli
(prosody in speech) and did not yet
find a clear role for somatosensory
cortex.
The new experiment [3] used a
particular type of transcranial
magnetic stimulation (TMS),
continuous theta-burst stimulation, to
reduce neural activity over the right
premotor and postcentral cortex for
a few minutes. During that time,
participants were asked to judge if two
emotional voices expressed the same
emotion or not (four emotions were
used: amusement, sadness, fear,
or disgust). TMS resulted in longer
